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SUBJEC T OF THE INVENTION 

This invention relates to a composite product as a collagen support 
comprising at least one porous collagen layer covered on at least one side with an 
essentially compact collagen membrane consisting either of a collagen film 
prepared by trying a collagen gel, preferably in air or a gaseous fluid, or of a very 
highly compressed collagen sponge. This composite product may be used for the 
manufacture of artificial skin. 

TECHNOLOGICAL BACKGROUND 

For many years collagen has proved to be an irreplaceable substrate for the 
production of artificial tissues containing living cells. 

The biomaterials obtained are increasingly used in the field of 
pharmaceutics and they appear to have a very promising future for the preparation 
of injured connective tissues or for gene therapy by allowing the introduction and 
survival of modified cells in a living organism. 

Furthermore, for "in vitro" tests, the cosmetic and dermopharmaceutical 
industries are increasingly using reconstructed skin, especially since animal tests 
are used less and less in these disciplines. 

It is for this reason that several research teams throughout the world have 
been endeavoring to develop collagen-based supports for the production of living 
artificial tissues such as skin, cartilage, bone, tendon or reconstructed cornea, so 
these novel biomaterials have numerous fields of application. 

It should be noted that the principal studies carried out in the field covered 
by the invention are attributable mainly to the following teams: Yannas L, 
Collombel C, Tinois E., Boyce S., Eisenberg H., Bell E., Kuroyanagi Y., 
Maruguchi T., Hanthamrongwit M., Auger F.A. and Osborne C.S.; cf. patent US 
5,273,900, for example. 

All these researchers use either collagen gels or collagen sponges, the latter 
being obtained by lyophilization. 

The main difficulties to be overcome in the production of supports for the 
production of living artificial tissues are as follows: good mechanical strength, low 
sensitivity to temperatures around 37°C, biological properties favorable to cell 
development and metabolism, low susceptibility to enzymatic degradation and, 
finally, for certain applications and particularly reconstructed skin, preferably the 
presence of a bilayer structure in which one of the layers is as compact as possible 
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and the other is porous. 

The researches carried out hitherto have not provided collagen supports 
which satisfactorily comply with all the constraints listed above. 

PURPOSES OF THE INVENTION 

The object of the present invention is to solve these problems which have 
remained shelved from both the technical and industrial points of view. 

The present invention makes it possible to solve all these technical 
problems in a particularly simple, inexpensive manner applicable to the industrial 
scale, particularly in cosmetics, dermopharmaceutics or pharmaceutics. 

SUMMARY OF THE INVENTION 

According to a first feature, the present invention provides a novel 
composite product forming a collagen support comprising at least one porous 
collagen layer covered on at least one side with an essentially compact collagen 
membrane consisting either of a collagen film prepared by drying a collagen gel, 
preferably in air or a gaseous fluid, or of a very highly compressed collagen 
sponge. 

According to yet another advantageous characteristic of the composite 
product of the invention, the collagen sponge is compressed at a pressure of at least 
about 50 bar, equivalent to about 50. 10 5 Pascals (Pa), and preferably of between 50 
bar (50. 10 5 Pa) and 200 bar (200. 10 5 Pa), this compression optionally taking place 
at a temperature of between 20 and 80°C and preferably of between 40°C and 
60°C. 

According to one advantageous characteristic of this composite product, the 
collagen product is selected from collagen and a mixture of collagen with a 
polysaccharide, particularly a glycosaminoglycan, chitosan or a derivative thereof, 
cellulose or a derivative thereof, dextran or a derivative thereof, an alginate or a 
derivative thereof, or a carrageenan. 

According to another advantageous characteristic of this composite product, 
at least one of the two layers of the latter, i.e. the porous layer and the essentially 
compact membrane, comprises normal, genetically modified or malignant living 
cells originating particularly from young or elderly subjects. 

In one advantageous variant, the living cells are selected from the group 
consisting of fibroblasts, keratinocytes, melanocytes, Langerhans' cells originating 
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from the blood, endothelial cells originating from the blood, blood cells, 
particularly macrophages or lymphocytes, adipocytes, sebocytes, chondrocytes, 
osteocytes, osteoblasts and Merkel's cells originating from the blood, said cells 
being normal, genetically modified or malignant. 

According to yet another advantageous characteristic, the composite 
product contains normal, genetically modified or malignant fibroblasts in the 
porous layer and normal, genetically modified or malignant living cells on the 
surface of the compact membrane, said cells being selected particularly from 
keratinocytes, melanocytes, Merkel's cells originating from the blood, Langerhans' 
cells originating from the blood, sebocytes, cells originating from the blood, and 
nerve cells. 

In yet another advantageous embodiment of the invention, it can be of 
particular value to prepare either "young" reconstructed skin using cells taken 
substantially exclusively from young subjects, or "aged" reconstructed skin 
obtained from cells taken substantially exclusively from elderly subjects. These 
models will make it possible to improve our knowledge of the skin ageing process 
and study the influence of active agents on this process. 

In yet another advantageous embodiment of the invention, the essentially 
compact membrane is prepared prior to combination with the porous layer, 
preferably comprising a collagen sponge, in particular by preparing the membrane 
and depositing it on a collagen gel before the whole is frozen and lyophilized to 
give said composite product. 

In yet another embodiment of the composite product according to the 
invention, the collagen sponge and/or the collagen film and/or the collagen 
membrane of said product comprise collagen of mammalian origin, particularly of 
bovine origin. 

In yet another advantageous embodiment of the composite product 
according to the invention, at least one of the two layers of said product is 
produced from a collagen gel containing a mixture of soluble collagen and 
insoluble collagen, for example in the form of fibers. 

In the case of the composite product according to the invention, the 
collagen can be type I and/or type III collagen. 

According to a second feature, the present invention also covers a process 
for the manufacture of a composite product comprising at least one porous collagen 
layer covered on at least one side with an essentially compact collagen membrane, 
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wherein: 

a) first of all the essentially compact collagen membrane is prepared either 
by drying a first collagen gel, preferably in air or with the aid of a gaseous fluid, or 
by compressing a collagen sponge obtained by the freezing-lyophilization of a 
collagen gel; 

b) a second collagen gel is prepared separately; 

c) either the essentially compact membrane is deposited on the second 
collagen gel, or the second collagen gel is poured onto the essentially compact 
membrane; and finally 

d) the whole is frozen-lyophilized to give said composite product 

In one advantageous variant of this process, the collagen sponge used to 
prepare the compact membrane is compressed at a pressure of at least 50 bar (about 
50.10 5 Pa) and preferably of between 50 bar (50.10 5 Pa) and 200 bar (200.10 5 Pa). 

The compression step advantageously takes place at a temperature of 
between 20 and 80°C and preferably of between 40°C and 60°C. 

In another advantageous embodiment of this process, the collagen sponge 
and/or the collagen film and/or the collagen membrane are prepared using either 
collagen or a mixture of collagen with a polysaccharide, particularly a 
glycosaminoglycan, chitosan or a derivative thereof, cellulose or a derivative 
thereof, dextran or a derivative thereof, an alginate or a derivative thereof, or a 
carrageenan. 

In another variant of the process, at least one of the two layers, or both 
layers, are crosslinked. 

In one advantageous variant, the above-mentioned crosslinking is a physical 
crosslinking, particularly a thermal dehydration under vacuum, or TDH, or a 
chemical crosslinking, particularly with diphenylphosphorylazide, or DPP A, with 
an aldehyde such as glutaraldehyde, with carbodiimide or with succinimide. 

In another advantageous variant of this process, a compound which favors 
cell development, particularly a growth factor and especially a cytokine or a 
chemokine, is added during manufacture. 

In another advantageous embodiment of the process according to the 
invention, provision is made for a step for the introduction of normal, genetically 
modified or malignant living cells into at least one of the two layers. 

In one advantageous variant, said living cells are selected from the group 
consisting of fibroblasts, keratinocytes, melanocytes, Langerhans' cells originating 
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from the blood, endothelial cells originating from the blood, blood cells, 
particularly macrophages or lymphocytes, chondrocytes, osteocytes, particularly 
osteoblasts, MerkeFs cells originating from the blood, sebocytes, adipocytes and 
nerve cells. 

In one particularly advantageous embodiment of the invention, the process 
comprises introducing fibroblasts into the porous layer. 

In a more preferred embodiment of the invention, the process comprises 
depositing living cells on the surface of the compact membrane, said cells being 
selected particularly from keratinocytes, melanocytes, Merkel's cells originating 
from the blood, Langerhans' cells originating from the blood, sebocytes, cells 
originating from the blood, and nerve cells. 

In one variant of the process of the invention, the living cells are provided 
either by the sequential culture or by the concomitant culture of the different types 
of cells, these cells originating from culture or biopsy. 

According to a third feature, the present invention also covers the use of the 
composite product forming a collagen support as defined above, or as obtained by 
the process defined above, or as resulting from the following description relating 
especially to the Examples, for which every characteristic which appears to be 
novel compared with any state of the art is claimed as such in its function and in its 
generality, for the manufacture of artificial skin intended especially for performing 
in vitro tests on the efficacy of a potentially active substance or for reconstructing 
damaged areas of skin in vivo. 

According to one advantageous characteristic, the artificial skin can be 
obtained either substantially exclusively from young cells or substantially 
exclusively from aged cells, in particular for studying the tissue ageing process, 
especially the skin ageing process, and optionally for testing the efficacy of active 
principles on this process. 

The invention also covers any artificial skin comprising living cells 
obtained either substantially exclusively from young cells or substantially 
exclusively from aged cells, in particular for studying the tissue ageing process, 
especially the skin ageing process, and optionally for testing the efficacy of active 
principles on this process. Specific embodiments of this artificial skins comprise 
the composite product according to the instant invention as a best embodiment. 

Thus it is seen that the invention provides a solution to the above- 
mentioned technical problems. 
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To obtain the strongest collagen materials, the inventors carried out more 
particularly the process described in patent US 5 333 092 granted on 19 July 1994. 
This technique affords a mixture of soluble and insoluble type I and type HI native 
collagens which are very strong from the mechanical point of view and very 
resistant to enzymatic digestion. These last two characteristics may optionally be 
improved by any crosslinking technique or by the addition of substances which 
interact strongly with collagen and do not exhibit toxicity towards the cells. 
Furthermore, this collagen production process makes it possible virtually to 
eliminate the risk of biological contamination due to bacteria, viruses or prions. 

For the case of supports intended for obtaining reconstructed skin, the 
inventors came to the idea of preparing bilayer materials by producing firstly the 
more compact layer and then the porous sponge. This methodology has the 
advantage of resulting in a much more compact surface layer than all those 
described hitherto. In particular, sponges compacted by high compression, or 
films, can therefore be fixed to porous matrices. 

The use of the supports described above for tissue engineering applications 
involves the inoculation of living or genetically modified cells, it being possible for 
the cells to develop either inside the collagen support or on its surface. 

The reconstructed living tissues obtained in this way can be used in 
numerous cosmetic, dermopharmaceutical or pharmaceutical applications as: 

. "in vitro" models for simulating the effects of ingredients on cell 
metabolisms for the purpose of evaluating the efficacy and toxicity of raw 
materials or more complex formulations; 

. reconstructed tissues capable of overcoming the deficiencies of damaged 
tissues: skin, cartilage, bone, tendon, cornea; or 

. living implants containing modified cells capable of overcoming certain 
deficiencies of the organism, particularly in the field of gene therapy. 

BRIEF DESCRIPTION OF THE EXAMPLES AND OF THE 
DRAWINGS 

Other objects, characteristics and advantages of the invention will become 
clearly apparent from the following explanatory description referring to various 
Examples of the invention, which are given simply by way of illustration and 
cannot therefore in any way limit the scope of the invention. As indicated 
previously, any characteristic in the Examples which appears to be novel compared 
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with any state of the art is claimed in its function and in its generality, 
independently of the context of the Example. Moreover, Examples 6 to 13 
constitute currently preferred embodiments of the composite products according to 
the invention which form a collagen support. Example 14 refers to comparative 
tests demonstrating the value of the composite products according to the invention 
as collagen supports for the manufacture of artificial skin intended especially for 
performing in vitro tests on the efficacy of a potentially active substance or for 
reconstructing damaged areas of skin in vivo. 

Example 15 shows a test for the use of a composite product according to 
the invention which constitutes an artificial skin prepared from cells of young 
donors, compared with reconstructed skin obtained from cells of elderly donors, 
within the framework of a procedure for testing the efficacy of an active principle 
in order to study the skin ageing process, especially by quantification of the 
laminins produced. 

In the attached Figures: 

-Figure 1 shows a sectional view, after marking by conventional 
histological staining, of a composite product according to the present invention 
which has been produced from a porous lower layer of bovine collagen covered on 
the top side with an essentially compact upper collagen membrane consisting of a 
collagen film prepared by drying a collagen gel in air under the conditions of 
Example 6; 

- Figure 2 shows a similar section obtained with a simple porous matrix 
which has been prepared with the same bovine collagen gel, except that it has not 
been covered, i.e. under the conditions of Example 1, showing the presence of deep 
inclusions of keratinocytes not limited to the surface; 

- Figure 3 shows the quantity of laminins present in the reconstructed skin 
incubation media, respectively for young reconstructed skin obtained from cells 
taken from donors of 25 to 35 years of age, and for mature or aged reconstructed 
skin obtained from cells taken from donors of more than 55 years of age, in order 
to show the influence of the donor's age, the results being expressed in the form of 
"bars" and the quantity of laminins produced being expressed on the ordinate as a 
percentage of the control (YRS = young reconstructed skin); 

-Figure 4 shows the inductive effect of a fermented malt extract 
commercially available under the trade mark BASALINE®, COLETICA, France, 
on the production of laminins in mature reconstructed skin, the quantity of laminins 
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produced again being expressed as a percentage of the control; and 

- Figure 5 shows the compensating effect of the same fermented malt 
extract, or BAS ALINE®, the quantity of laminins produced being expressed on the 
ordinate as a percentage of the control 

DETAILED DESCRIPTION OF THE INVENTION 

EXAMPLE 1 OF THE INVENTION 

Preparation of a porous matrix of native collagen by the technique of patent US no. 
5331092 

A - Preparation of the native collagen 

A gel is prepared from calf skins which have previously been washed (2 
hours) and then depilated with a lime/sulfide mixture (lime: 3.5%, sodium 
sulfide: 2.5%) at a rate of 400 g of skin (solids content: about 30%) to 250 
ml of water. This bath lasts for 30 minutes with rotation at 4 rpm. 
The total depilation time is 36 hours. 

The skins are then unlimed in a bath containing ammonium chloride (3%) 
and sodium metabisulfite (0.5%) at a rate of 400 g of skin to 50 ml of bath. 
The total duration of this bath is 2 hours thirty minutes. 
The salts are removed by two successive washes with water (15 minutes per 
wash) at a rate of 200 ml of water to 1 00 g of tissue. 

The skins are subsequently ground and then washed by agitation for 1 hour 
with phosphate buffer of pH 7.8 (0.78 g/1 of potassium dihydrogen- 
phosphate and 21.7 g/1 of disodium monohydrogenphosphate) at a rate of 5 
1 buffer/kg ground material. The phosphate is then removed by two 
successive washes with softened water and then by continuous 
centrifugation at 4000 rpm (Rousselet centrifuge) at a rate of 5 1 of water 
per kg of ground material. 

The ground material is then acidified with 10% acetic acid solution, the 
amount of acetic acid being 5% based on the collagen; the final molarity is 
about 0.08 M. 

The ground material is then malaxated for one hour to give a paste. 
The gel is obtained by continuously passing the paste through a UTL T/-6 
ultrasonic treatment apparatus. This gel has a concentration of between 0.7 
and 2% of collagen, the proportion of acid-soluble collagen varying from 
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10 to 20% based on the insoluble collagen. 
B - Preparation of the porous matrix with the collagen gel obtained as 
indicated above 

20 g/cm 2 of collagen gel (solids content = 0.75%) are placed in a 
lyophilization tray and lyophilized by freezing at -30°C and then heating at 
+32°C. The total lyophilization time is 16 hours under a pressure of 400 
microbar. 

The lyophilizate is crosslinked by a physical method (TDH), the 
lyophilizate being placed for 10 hours in an oven at 110°C and 400 
microbar of pressure. 

EXAMPLE 2 OF THE INVENTION 

Preparation of a porous matrix crosslinked with diphenylphosphorylazide (DPP A) 
by the technique described in European patent no. 466 829 of 24 July 1996 

The collagen lyophilizate is incubated for 24 h in a solution containing 5 to 
250 jal DPPA/g collagen in 100 ml of dimethylformamide (DMF). The 
collagen is then rinsed in 100 ml of DMF to remove the DPPA. The DMF 
is then removed by rinsing in 100 ml of a borate buffer solution of pH 8.9 
(0.04 M sodium tetraborate, 0.04 M boric acid). 

The collagen is finally incubated overnight in the same borate buffer, the 
borate buffer then being removed by continuous rinsing with softened water 
for 6 h. 

EXAMPLE 3 OF THE INVENTION 

Preparation of a porous matrix crosslinked with carbodiimide and N-hydroxy- 
succinimide 

The collagen is crosslinked with EDC (ethyldimethylaminopropylcarbo- 
diimide) at a concentration of 0.23 to 0.69 g/g collagen and with NHS (N- 
hydroxysuccinimide) at a concentration of 0 to 0.42 g/g collagen. 
After rinsing with softened water, the collagen is lyophilized again. 

EXAMPLE 4 OF THE INVENTION 

Preparation of a porous matrix crosslinked with glutaraldehyde 

The collagen is crosslinked for 24 to 96 h in a solution containing 0.6 to 1% 
ofGTA at 20°C. 
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After rinsing with softened water, the collagen is lyophilized again. 
EXAMPLE 5 OF THE INVENTION 

Porous matrix prepared with the native collagen of Example 1 in association with 
chitosan and a glycosaminoglycan as described in European patent no. 296078 of 
29 May 1991 

A solution of 2.5 g of chitosan in 356 ml of water and 1.9 ml of acetic acid, 
and then a solution containing 1 g of chondroitin 4-sulfate in 400 ml of 
softened water, are added to 600 g of 1.5% collagen gel. The mixture, 
which has a pH of about 4.0, is subsequently agitated and then lyophilized. 
The sponge obtained is crosslinked by TDH. 

EXAMPLE 6 OF THE INVENTION 

Porous matrix described in Example 1, covered with a collagen film 
A - Preparation of the film 

Collagen gel with a solids content of between 0.3 and 0.8% is dried in an 

oven at 30°C or under a hood at a rate of 0.5 g gel/cm 2 tray. 

10 to 40% of glycerol can be added to the collagen gel. 

The collagen dried under these conditions forms a transparent film. 
B - Association of the film with the porous matrix described above 

0.5 g/cm 2 of collagen gel of example 1 with a solids content of 0.75% is 

placed in a lyophilization tray, the collagen film is then deposited on this 

gel and the whole is lyophilized. 

The lyophilizate obtained is crosslinked by TDH. 

EXAMPLE 7 OF THE INVENTION 

Porous matrix prepared with an acid-soluble collagen gel and covered with a 
collagen film 

The process is that indicated in Example 6, the only difference being in the 
nature of the gel poured onto the film, which consists of acid-soluble 
collagen prepared by a technique well known to those skilled in the art. 

EXAMPLE 8 OF THE INVENTION 

Porous matrix prepared with an atelocollagen gel and covered with a collagen film 
The process is that indicated in Example 6, the only difference being in the 
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nature of the gel poured onto the film, which consists of atelocollagen, i.e. 
telopeptide-free collagen prepared by a technique well known to those 
skilled in the art. 

EXAMPLE 9 OF THE INVENTION 

Porous matrix consisting of collagen associated with chitosan and a glycosamino- 

glycan and covered with a collagen film 

The process is that indicated in Example 6 except that in this case the gel 
poured onto the collagen film consists of collagen, chitosan and a glycos- 
aminoglycan. The preparation of this gel is described in Example 5. 

EXAMPLE 10 OF THE INVENTION 

All the porous matrices described above, covered with a collagen film, can be 
crosslinked by the techniques described in Examples 2, 3 and 4. 

EXAMPLE 11 OF THE INVENTION 

Porous matrix of collagen only, described in Example 1, covered with a 

compressed collagen sponge 

A - Preparation of the compressed sponge 

Collagen gel prepared as in Example 1, with a solids content of between 0.3 
and L5%, is lyophilized to give a sponge weighing between 0.5 and 2 
g/cm 2 . 

The lyophilizate is compressed for 5 to 60 seconds at a temperature of 
between 20 and 60°C and a pressure of between 50 and 200 bar (50 to 
200. 10 5 Pa). 

B - Association of the compressed sponge with the porous matrix 

The collagen gel described in Example 1 is deposited in a lyophilization 
tray at a rate of 0.5 g per cm 2 . The compressed sponge is then deposited on 
this gel and the whole is lyophilized to give a porous collagen sponge 
covered with a compressed collagen sponge. The whole is crosslinked by 
TDH as described in Example 1. 

EXAMPLE 12 OF THE INVENTION 

Porous matrix consisting of collagen, chitosan and glycosaminoglycan, as 
described in Example 5, covered with compressed sponge 
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The collagen, chitosan and glycosaminoglycan gel prepared by the process 
of Example 5 is deposited in a lyophilization tray at a rate of 0.5 g per cm , 
the compressed sponge is then deposited on this gel and the whole is 
lyophilized. The lyophilizate is then crosslinked by TDH as described in 
Example 1. 

EXAMPLE 13 OF THE INVENTION 

All the porous matrices described above, covered with a compressed collagen 
sponge, can be crosslinked by the techniques described in Examples 2, 3 and 4. 

EXAMPLE 14 OF THE INVENTION 

Reconstructed skin prepared either with the aid of the DPPA-crosslinked porous 
matrix described in Example 2, or with the aid of the DPPA-crosslinked porous 
matrix of Example 2 covered with a compressed collagen sponge, the whole being 
crosslinked with DPP A, according to Example 13, in order to allow a comparison 
to be made between a composite product comprising a porous collagen layer 
covered with an essentially compact membrane according to the invention and a 
product comprising a porous collagen layer only, with no covering 
Preparation of reconstructed skin 
a) Culture of normal human fibroblasts 

Normal human fibroblasts taken arbitrarily from elderly or young subjects 
are used; they are recovered and developed in a manner conventional to those 
skilled in the art for recovery between the sixth and tenth passages. 

Inoculation is carried out at a rate of 250,000 cells per cm 2 of porous 
matrix, the latter being either the comparison product comprising only the DPPA- 
crosslinked porous matrix of Example 2, or the composite product according to the 
invention comprising the DPPA-crosslinked porous matrix of Example 2 covered 
with a compressed collagen sponge, the whole being crosslinked with DPPA, 
according to Example 13. 

The culture medium is composed of DMEM/HAM F12 50/50 (v/v) 
supplemented with 10% by weight of fetal calf serum, 100 IU/ml of penicillin, 25 
jag/ml of gentamycin, 1 jag/ml of amphotericin B and 50 ^ig/ml of vitamin C. 

Culture is carried out for three weeks, the medium being changed three 
times a week. 
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b) Culture of normal human keratinocytes 

Normal human keratinocytes obtained arbitrarily from young or elderly 
subjects are then cultured; they are recovered and cultivated by the culture 
techniques well known to those skilled in the art for recovery between the first and 
third passages. 

Inoculation is carried out at a rate of 250,000 cells per cm 2 of surface, 
which is either the surface of the DPPA-crosslinked porous matrix of Example 2, 
or the surface of the composite product according to the invention comprising the 
DPPA-crosslinked porous matrix of Example 2 covered with a compressed 
collagen sponge, the whole being crosslinked with DPP A, according to Example 
13, in which case the keratinocytes are inoculated onto the surface of the essentially 
compact collagen membrane. 

The culture of these products, comprising an inoculation of both fibroblasts 
and keratinocytes, takes place in a Green's medium composed of: 

DMEM supplemented with: 

30%ofHAMF12, 

10% of fetal calf serum, 

100 IU/ml of penicillin, 

100 fig/ml of streptomycin, 

1 jag/ml of amphotericin B, 

2 (imol/ml of L-glutamine, 

10 ng/ml of EGF (Epidermal Growth Factor), 

0.12 IU/ml of insulin commercially available under the trade mark 
UMULINE®, 

400 ng/ml of hydrocortisone, 
1 0' mol/ml of cholera toxin, 
5 pg/ml of transferrin, 
2.10" 9 M triiodothyronine, 
1.8. 10" 7 mol/ml of adenine, 
50 i-ig/ml of vitamin C. 

This culture is carried out for one week, the media being changed every 

day. 

c) Culture of the composite product according to the invention and the 
comparative non-covered porous layer 

After the culture of step b) has been carried out for one week with the 
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media being changed every day, the surface layer containing the keratinocytes is 
caused to emerge at the air-liquid interface, while the layer containing the 
fibroblasts remains immersed, and culture is then carried out for three weeks in an 
emersion medium composed of: 

DMEM supplemented with: 

10% of fetal calf serum, 

100 IU/ml of penicillin, 

100 jag/ml of streptomycin, 

1 jag/ml of amphotericin B, 

2 jimol/ml of L-glutamine, 
lOng/ml ofEGF, 

0.12 IU/ml of insulin of trade mark UMULINE®, 
400 ng/ml of hydrocortisone, 
50 p.g/ml of vitamin C. 

The total culture time of 7 weeks resulting from steps a) to c) gives a 
reconstructed skin composed of a reconstructed dermis, the fibroblasts having 
colonized the three-dimensional collagen matrix, said dermis being covered with a 
multilayer epidermis. 

The dermo-epidermal interface shows the presence of a basal membrane in 
which it is possible to identify the presence of laminin-1, laminin-5, type IV 
collagen and type VII collagen by immunolabeling. 

Thus, after three weeks of preparation of the dermis equivalent, covering of 
the porous matrices with an essentially compact layer to give a composite product 
according to the invention affords a greater quantity of fibroblasts on the surface of 
the collagen matrices before epidermization. 

In the case of a porous matrix only, i.e. with no covering, if the surface 
layer of fibroblasts is not completely contiguous, keratinocytes can infiltrate the 
underlying dermis equivalent and form islets of keratinocytes, which are totally 
abnormal features. 

Thus it is seen that the invention, which uses more compact layers than 
those previously available for use in the prior art, provides better security against 
the penetration of keratinocytes. 

It is pointed out that the abbreviation DMEM in the description denotes 
Dulbecco Modified Eagle's Medium. 
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EXAMPLE 15 OF THE INVENTION 

Study comparing skin reconstructed from cells of young donors and skin 
reconstructed from ceils of elderly donors with the composite products 
according to the present invention in order to measure the efficacy of active 
principles on the production of laminins 

The procedure in this Example is essentially as described in Example 14 as 
regards the cultures, using the same composite product according to the present 
invention comprising a DPPA-crosslinked porous collagen layer or matrix 
described in Example 2, covered with a compressed collagen sponge, the whole 
being crosslinked with DPP A, according to Example 13. The procedure is as 
follows: 

1) Preparation of the reconstructed skin 

Young reconstructed skin was prepared by the procedure described in 
Example 14 except that the fibroblasts and keratinocytes originated respectively 
from young donors, i.e. those of between 25 and 35 years of age. Also, aged or 
mature reconstructed skin was obtained by using fibroblasts or keratinocytes 
originating from elderly donors of more than 55 years of age. 

a) Materials and method 

As indicated in Example 14, step a, porous matrices of the composite 
product of the invention were first inoculated with normal human dermal 
fibroblasts originating either from pools of young cells or from pools of mature or 
aged cells, and culture is carried out for 21 days under the conditions described in 
Example 14, step a. 

b) After the above-mentioned 21 days of culture, epidermal layers prepared 
separately from keratinocytes originating either from pools of young cells or from 
pools of mature cells are inoculated onto the surface of the essentially compact 
collagen membrane of the composite product. 

Culture is carried out for 14 days under the conditions described in 
Example 14b. 

2) Quantification of the laminins 

After the 14 days of culture of the fibroblast-keratinocyte composite, the 
laminins contained in the incubation media of the resulting young or mature 
reconstructed skin are quantified with the aid of a commercially available ELISA 
kit (Takara, Japan). 

These results are reported in Figure 3. 
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Figure 3 shows that the mature reconstructed skin contains about half as 
much laminins as the young reconstructed skin (YRS) used as 100% control. 

3) Measurement of the inductive effect of an active principle, such as a 
fermented malt extract marketed by COLETICA under the trade mark 
BASALINE®, on the production of laminins in young and mature 
reconstructed skin 

In this comparative test, the procedure is as described above except in 
regard to the 14 days of culture with keratinocytes; the young or mature 
reconstituted skin is maintained in culture for 14 days either in the absence 
(control) or in the presence of 0.5% by weight of fermented malt extracts 
commercially available under the trade mark BASALINE®, COLETICA, France. 

At the end of the incubation period, as in the above Example, the laminins 
contained in the incubation media were quantified by ELIS A. 

The results are reported in Figure 4. 

The 100% control consists of the proportion of laminins in Aged 
Reconstructed Skin, or ARS. 

Figure 4 shows that the active principle extracted from fermented malt, or 
BASALINE®, was capable of stimulating laminin production in mature 
reconstructed skin. Under the same conditions, the active principle extracted from 
fermented malt, or BASALINE®, does not significantly modify laminin production 
in young reconstructed skin, as indicated in Figure 5. 

Thus it is seen that the active principle extracted from fermented malt, or 
BASALINE®, increases laminin production in mature reconstructed skin by 65%. 

By the same token, this active principle does not affect the physiological 
processes involved in the regulation of laminin production in young reconstructed 
skin. 

These experiments made it possible to evaluate the magnitude of the 
compensating effect of the fermented malt extract, or BASALINE®, defined as the 
capacity of this active principle to reduce the relative difference observed between 
laminin production in young reconstituted skin and that in mature reconstituted 
skin. 

Figure 5 shows that the difference between laminin production in young 
reconstituted skin and that in mature reconstituted skin can be reduced by 65% 
when the active principle is used at 0.5%. 
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WHAT IS CLAIMED IS : 

1. A composite product forming a collagen support comprising at least one 
porous collagen layer covered on at least one side with an essentially compact 
collagen membrane selected from the group consisting of a collagen film prepared 
by drying a collagen gel and from a compressed collagen sponge. 

2. The product according to claim 1 wherein said collagen gel is dried in a 
fluid selected from air and a gaseous fluid. 

3. The product of claim 1, wherein the collagen of at least one of the porous 
layer and of the essentially compact membrane is selected from collagen and a 
mixture of collagen with a substance selected from a the group consisting of a 
polysaccharide, , a cellulose, dextran, an alginate and a carrageenan. 

4. The product of claim 3 wherein said polysaccharide is selected from 
glycosaminoglycan and chitosan. 

5. The product of claim 1 wherein at least one of the porous layer and of the 
essentially compact membrane, comprises living cells selected from normal living 
cells, genetically modified living cells and malignant living cells. 

6. The product of claim 5, wherein said living cells are originating 
substantially exclusively from young subjects. 

7. The product of claim 5, wherein said living cells are originating 
substantially exclusively from elderly subjects. 

8. The product of claim 5, wherein the living cells are selected from the group 
consisting of fibroblasts, keratinocytes, melanocytes, Langerhans' cells originating 
from the blood, endothelial cells originating from the blood, blood cells, 
particularly macrophages or lymphocytes, adipocytes, sebocytes, chondrocytes, 
osteocytes, osteoblasts and MerkePs cells originating from the blood, said cells 
being normal, genetically modified or malignant. 

9. A composite product forming a collagen support comprising at least one 
porous collagen layer covered on at least one side with an essentially compact 
collagen membrane selected from a collagen film prepared by drying a collagen gel 
and from a compressed collagen sponge, said porous layer comprising living 
fibroblasts and said essentially compact membrane comprising on the surface 
thereof living cells selected from the group consisting of keratinocytes, 
melanocytes, Merkel's cells originating from the blood, Langerhans' cells 
originating from the blood, sebocytes, cells originating from the blood, and nerve 
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cells. 

10. The product of claim 1, wherein the collagen sponge is compressed at a 
pressure of at least about 50 bar, equivalent to about 50. 10 5 Pa, this compression 
optionally taking place at a temperature ranging between 20 and 80°C. 
1L The product of claim 10, wherein the pressure ranges between 50 bar 
(50. 10 5 Pa) and 200 bar (200. 10 5 Pa), this compression optionally taking place at a 
temperature ranging between 40°C and 60°C. 

12. The product of claim 1, wherein the essentially compact membrane is 
prepared prior to combination with the porous layer. 

13. The product of claim 12, wherein after having prepared the essentially 
compact membrane, the collagen gel is deposited on at least one surface of the 
essentially compact membrane and the combination of the collagen gel with the 
essentially compact membrane is frozen and lyophilised to give said composite 
product. 

14. The product of claim 1, wherein the collagen comprises mammalian 
collagen. 

15. The product of claim 1, wherein the collagen comprises bovine collagen. 

16. The product of claim 1, wherein at least one of the two layers is produced 
from a collagen gel containing a mixture of soluble collagen and insoluble 
collagen. 

17. The product of claim 16 wherein said insoluble collagen is comprising 
collagen fibers. 

18. The product of claim 1 wherein the collagen is selected from the group 
consisting of type I collagen and type III collagen. 

19. The product of claim 1, wherein at least one of the two layers is produced 
from a collagen gel containing a mixture of soluble collagen and insoluble 
collagen, wherein the collagen is selected from the group consisting of type I 
collagen and type III collagen. 

20. A process for the manufacture of a composite product comprising at least 
one porous collagen layer covered on at least one side with an essentially compact 
collagen membrane, wherein: 

a) the essentially compact collagen membrane is prepared either by drying a 
first collagen gel, or by compressing a collagen sponge obtained by the freezing- 
lyophilization of a collagen gel; 

b) a second collagen gel is prepared separately; 
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c) either the essentially compact membrane is deposited on the second 
collagen gel, or the second collagen gel is poured onto the essentially compact 
membrane; and finally 

d) the whole is frozen-lyophilized to give said composite product. 

21. The process according to claim 20 wherein the collagen sponge used to 
prepare the essentially compact membrane is compressed at a pressure of at least 
50 bar(50.10 5 Pa) 

22. The process of claim 20, wherein the collagen sponge is compressed at a 
pressure ranging between 50 bar (50. 10 5 Pa) and 200 bar (200. 10 5 Pa). 

23. The process of claim 20 wherein the compression step takes place at a 
temperature of between 20 and 80°C. 

24. The process of claim 20, wherein the collagen is selected from collagen and 
a mixture of collagen with a substance selected from the group consisting of a 
polysaccharide, cellulose, dextran, an alginate and a carrageenan. 

25. The process of claim 24, wherein the polysaccharide is selected from a 
glycosaminoglycan and chitosan. 

26. The process of claim 20, wherein said collagen comprises or is essentially 
consisting of mammalian collagen. 

27. The process of claim 20, wherein said collagen comprises or is essentially 
consisting of bovine collagen. 

28. The process of claim 20, wherein at least one of the two layers, or both 
layers, are crosslinked. 

29. The process of claim 28, wherein the crosslinking is selected from the 
group consisting of a physical crosslinking, a chemical crosslinking, and a 
combination thereof. 

30. The process of claim 29, wherein said physical crosslinking is a thermal 
dehydration under vacuum. 

31. The process of claim 29, wherein said chemical crosslinking is selected 
from the group consisting of a crosslinking with diphenylphosphorylazide, a 
crosslinking with an aldehyde, a crosslinking with glutaraldehyde, a crosslinking 
with a carbodiimide, a crosslinking with a succinimide and combinations thereof. 

32. The process of claim 20, wherein a compound which favors cell 
development is added during manufacture. 

33. The process of claim 32, wherein said compound which favors cell 
development is selected from the group consisting of a growth factor, cytokine and 
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a chemokine 

34. The process of claim 20, wherein living cells are introduced into at least 
one of the two layers. 

35. The process of claim 34, wherein said living cells are selected from the 
group consisting of normal living cells, genetically modified living cells and 
malignant living cells. 

36. The process of claim 34, wherein said living cells are originating 
substantially exclusively from young subjects. 

37. The process of claim 34, wherein said living cells are originating 
substantially exclusively from elderly subjects. 

38. The process of claim 34, wherein said living cells are selected from the 
group consisting of fibroblasts, keratinocytes, melanocytes, Langerhans' cells 
originating from the blood, endothelial cells originating from the blood, blood 
cells, particularly macrophages or lymphocytes, chondrocytes, osteocytes, 
particularly osteoblasts, MerkeFs cells originating from the blood, sebocytes, 
adipocytes and nerve cells. 

39. The process of claim 20, wherein living fibroblasts are introduced into the 
porous layer. 

40. The process of claim 20, wherein living cells are deposited on the surface of 
the compact membrane, said cells being selected from the group consisting of 
keratinocytes, melanocytes, MerkeFs cells originating from the blood, Langerhans' 
cells originating from the blood, sebocytes, cells originating from the blood, and 
nerve cells. 

41. The process of claim 34, wherein the living cells are provided either by the 
sequential culture or by the concomitant culture of the different types of cells, these 
cells originating from culture or biopsy. 

42. An artificial skin comprising a composite product as defined in claim 1. 

43. An artificial skin comprising a composite product as defined in claim 9. 

44. The artificial skin of claim 42, comprising living cells obtained 
substantially exclusively from young cells from young subjects. 

45. The artificial skin of claim 42, wherein said artificial skin comprising living 
cells obtained substantially exclusively from aged cells from elderly subjects. 

46. An artificial skin comprising living cells essentially prepared from 
substantially exclusively young cells originated from young subjects. 

47. An artificial skin comprising living cells essentially prepared from 
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substantially exclusively aged cells originated from elderly subjects. 

48. A method of in vitro testing of the efficacy of a potential active substance 
comprising using an artificial skin comprising living cells prepared substantially 
exclusively from young cells taken from young subjects. 

49. A method of in vitro testing of the efficacy of a potential active substance 
comprising using an artificial skin comprising living cells prepared substantially 
exclusively from aged cells taken from elderly subjects. 

50. A method of reconstructing damaged areas of skin in vivo comprising 
performing said reconstruction with an artificial skin prepared essentially from a 
composite product as defined in claim L 

51. A method of reconstructing damaged areas of skin in vivo comprising 
performing said reconstruction with an artificial skin prepared essentially from a 
composite product as defined in claim 9. 

52. The method of claim 51, wherein at least one of the two layers is produced 
from a collagen gel containing a mixture of soluble collagen and insoluble 
collagen, the collagen being selected from the group consisting of type I collagen 
and Type III collagen. 
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